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A new type of magnetores is tance o s c i l l a t i on p e r i o d i c i n 1 / B is observed w h e n the carr ier 
dens i ty N8 of a t w o - d i m e n s i o n a l e lectron gas is weak ly m o d u l a t e d w i t h a p e r i o d smal ler 
t h a n the m e a n free p a t h of the electrons. In h i g h m o b i l i t y A l G a A s - G a A s he tero junc -
t ions the carr ier dens i ty is p e r i o d i c a l l y m o d u l a t e d by i l l u m i n a t i o n of the samples w i t h 
two in ter fe r ing laser beams at l i q u i d h e l i u m tempera tures . T h e m o d u l a t i o n arises due 
to the pers istent p h o t o c o n d u c t i v i t y of the samples at l ow t em p era t u res . T h e expe-
r iments show t h a t the p e r i o d of the a d d i t i o n a l q u a n t u m osc i l l a t i on is d e t e r m i n e d by 
the separat ion a of the interference fringes. T h i s p e r i o d corresponds to S h u b n i k o v -
de Haas osc i l lat ions where on ly the electrons w i t h i n the first r educed B r i l l o u i n zone 
w i t h \k\ < ir/a c on t r ibute . 
1. I n t r o d u c t i o n 
A t low temperatures the magnetores istance of a degenerate t w o - d i m e n s i o n a l e lectron 
gas ( 2 - D E G ) exh ib i t s the w e l l - k n o w n S h u b n i k o v - d e Haas ( S d H ) osc i l la t ions p e r i o d i c i n 
1 / B . L a t e r a l conf inement of the 2 - D E G on a submic rometer scale leads to dev iat ions 
f r o m the t y p i c a l 1 / B p e r i o d i c i t y of these S d H - o s c i l l a t i o n s [ l ] . W i t h i n a na ive p i c t u r e 
these dev iat ions occur w h e n the c y c l o t r o n orb i t of a n e lectron is larger t h a n the w i d t h of 
the conf in ing p o t e n t i a l [2]. A n i n t e r m e d i a t e s i t u a t i o n between a p u r e l y t w o - d i m e n s i o n a l 
sys tem a n d a quas i - one -d imens iona l q u a n t u m wire arises i f the conf in ing p o t e n t i a l of the 
q u a n t u m wire is rep laced b y a weaker per iod i c p o t e n t i a l w i t h a l e n g t h scale sma l l e r t h a n 
the m e a n free p a t h of the electrons. T h e exper iments show that u n d e r th i s c o n d i t i o n a 
new type of magnetores is tance o s c i l l a t i o n becomes v i s ib l e w i t h a p e r i o d i c i t y d e p e n d i n g 
o n the p e r i o d of the s u p e r i m p o s e d p o t e n t i a l . 
I n selectively d o p e d A l G a A s - G a A s heterostructures a persistent increase i n the two -
d i m e n s i o n a l e lec tron dens i ty is observed at temperatures be low T = 1 5 0 K i f the device 
is i l l u m i n a t e d w i t h i n f r a r e d or v is ib le l i g h t . T h i s p h e n o m e n o n is u s u a l l y e x p l a i n e d on 
the basis of the propert ies of D X - c e n t e r s w h i c h seem to be re la ted to a deep S i donor 
[3]. T h e increase i n the e lectron densi ty depends o n the p h o t o n f lux absorbed i n the 
semiconductor so t h a t a s p a t i a l l y m o d u l a t e d p h o t o n flux generates a m o d u l a t i o n i n the 
carr ier density . I n our measurements a ho lographic i l l u m i n a t i o n of the heteros t ruc ture 
at l i q u i d h e l i u m temperatures is used to produce a p e r i o d i c p o t e n t i a l w i t h a p e r i o d o n 
the order of the wave length of the inter fer ing beams . I n F i g . l the interference of two 
p lane l i ght waves w h i c h create a p e r i o d i c m o d u l a t i o n of the i o n i z e d donors a n d therefore 
of the carr ier dens i ty is s h o w n schemat ica l ly . 
T h e existence of a p e r i o d i c a l l y m o d u l a t e d carr ier dens i ty i n such s t ruc tures has 
been d e m o n s t r a t e d b y T s u b a k i , S a k a k i , Y o s h i n o , a n d Sek iguch i [4] w h o m e a s u r e d the 
an i so t ropy of the r e s i s t i v i t y p a r a l l e l a n d p e r p e n d i c u l a r to the interference fringes at 
9 0 K . T s u b a k i a n d coworkers s tated that the smal lest poss ible p e r i o d for finding a n 
an iso t rop i c r e s i s t i v i t y is four or five t imes as large as the th ickness of the A l G a A s layers 
o n top of the 2 - D E G . Since we have created smal ler fr inge per iods we have observed 
near ly i s o t rop i c r e s i s t i v i ty at zero magnet i c field. I n the presence of a m a g n e t i c field, 
Springer Series in Solid-State Sciences, Vol . 87 
H i g h M a g n e t i c Fie lds in Semiconductor Physics II Editor: G . Landwehr 
© Springer-Verlag Berl in , Heidelberg 1989 
F i g u r e 1: Ske t ch of the s p a t i a l m o d u l a t i o n 
of the c o n c e n t r a t i o n of i o n i z e d donors i n 
the A l G a A s layer a n d of e lectrons i n the 
2 - D E G p r o d u c e d b y h o l o g r a p h i c i l l u m i -
n a t i o n u s i n g two in te r f e r ing laser beams 
w i t h wave length A. T h e interference p a t -
t e r n created is s h o w n s chemat i ca l l y 
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however , a new osc i l l a to ry p h e n o m e n o n occurs d e m o n s t r a t i n g c lear ly that a p e r i o d i c 
m o d u l a t i o n of the 2 - D E G is present .Deta i l s w i l l be g iven i n the f o l l ow ing sect ions. 
2. E x p e r i m e n t a l 
T h e samples used i n the exper iments were convent i ona l A l G a A s - G a A s h e t e r o s t r u c t u -
res g r o w n by m o l e c u l a r b e a m e p i t a x y [5] w i t h carr ier densit ies between 1.5 • 1 0 n c m ~ 2 
a n d 4.3 • 1 0 1 1 c m - 2 a n d l ow t e m p e r a t u r e mob i l i t i e s r a n g i n g f r o m 0.23 • 1 0 6 c m 2 / V s to 
1 • 1 0 6 c m 2 / V s . I l l u m i n a t i o n of the samples increases b o t h the carr ier dens i ty a n d the 
m o b i l i t y at l o w t e m p e r a t u r e s . T h e hetero junct i ons discussed i n the f o l l ow ing sections 
consist of a s e m i - i n s u l a t i n g G a A s subs t ra te , fo l lowed by a 1/xm—4//m th i ck u n d o p e d 
G a A s buffer l ayer , a n u n d o p e d A l G a A s spacer ( 6 n m - 3 3 n m ) , S i - d o p e d A l G a A s ( 3 3 n m -
8 4 n m ) , a n d a n u n d o p e d G a A s top layer 2 2 n m ) . W e have chosen a n L - s h a p e d geo-
m e t r y (sketched o n the r i ght h a n d side of F i g . 2 ) to invest igate the m a g n e t o t r a n s p o r t 
propert ies p a r a l l e l a n d p e r p e n d i c u l a r to the interference fr inges. S u c h a mesa s t r u c t u r e 
was p r o d u c e d u s i n g s t a n d a r d p h o t o l i t h o g r a p h i c a n d etch techniques . O h m i c contacts 
to the 2 - D E G were f o rmed by a l l o y i n g A u G e / N i layers at 450°C. Some of the samples 
inves t iga ted have a n evaporated semi - t ransparent N i C r front gate ( thickness « 8 n m ) or 
a back gate , respect ive ly , i n order to vary the carr ier dens i ty after h o l o g r a p h i c i l l u m i -
n a t i o n . 
T h e exper iment was c a r r i e d out u s i n g e i ther a 5 m W H e N e laser (A = 633nm) or 
a 3 m W A r g o n - I o n laser (A = 488nm) b o t h l i n e a r l y p o l a r i z e d . T h e e x p e r i m e n t a l r ea -
l i z a t i o n of the h o l o g r a p h i c i l l u m i n a t i o n is s h o w n schemat i ca l ly o n the left h a n d side of 
F i g . 2 . T h e laser s y s t e m was m o u n t e d o n top of the sample ho lder w h i c h was i m m e r s e d 
i n l i q u i d h e l i u m ( 4 . 2 K ) w i t h i n a 10 -Tes la magnet sys tem. T h e laser b e a m w h i c h was 
e x p a n d e d to a d i a m e t e r of 4 0 m m entered the sample ho lder t h r o u g h a q u a r t z w i n d o w 
a n d a shut ter . T h e shut ter ensures well -def ined i l l u m i n a t i o n t imes of the sample d o w n to 
25ms. Shor t exposure t imes are i m p o r t a n t to prevent j u m p i n g of the fr inges; therefore 
exposure t imes between 25ms a n d 100ms were t y p i c a l l y chosen. T h e m i r r o r s w h i c h sp l i t 
the laser b e a m i n t o two coherent waves, are l o ca ted close to the device a n d are a r r a n g e d 
i n such a way t h a t a n interference p a t t e r n w i t h a p e r i o d a is generated at the surface 
of the device . A n aper ture m o u n t e d above covers the sample f r o m direct i l l u m i n a t i o n . 
T h e p e r i o d a of the fringes created i n t h i s way depends o n the wave length A of the laser 
a n d the i n c i d e n t angle 0 (see F i g . l ) : a = \/2sinO. W i t h the wavelengths used i n th is 
exper iment a n d 0 = 56° we o b t a i n per iods of 3 8 2 n m a n d 2 9 4 n m for the interference 
p a t t e r n . C a r e was t a k e n to m i n i m i z e s t ray l i ght o r i g i n a t i n g f r o m components ins ide 
F i g u r e 2: Schemat i c e x p e r i m e n t a l s e t - u p 
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the sample ho lder by coat ing t h e m w i t h a n absorb ing layer . I n order to reduce wave-
front d i s t o r t i o n due to r o u g h surfaces of the o p t i c a l components , a l l m i r r o r s , lenses, a n d 
windows have a h i g h q u a l i t y po l i shed surface. T h e wavefront d i s t o r t i o n spec i f i cat ion 
of these components is better t h a n A / 1 0 where A is the wave length of a HeNe- laser 
(A = 633nm) . 
3. M a g n e t o t r a n s p o r t M e a s u r e m e n t s 
A f t e r ho l ograph i c i l l u m i n a t i o n of the sample w h i c h was carr i ed out at 4 . 2 K we have 
measured the res ist iv i t ies p±_ (pependicu lar to the interference fringes) a n d p|| (para l l e l to 
the fringes) at cryogenic t emperatures as a f u n c t i o n of the magnet i c f i e ld . T h e magnet i c 
f ie ld was p e r p e n d i c u l a r to the p lane of the 2 - D E G . I n a d d i t i o n , the H a l l resistances Rjj 
a n d B}fj have been measured . T h e use of the indices J _ a n d || is i l l u s t r a t e d i n F i g . 3 . T h e 
res ist iv i t ies a n d H a l l resistances are measured a p p l y i n g a constant current (1/rni— l O ^ m ) 
a n d m e a s u r i n g the voltage drop between p o t e n t i a l probes a long a n d p e r p e n d i c u l a r to 
the d i re c t i on of current f low, respectively. A t y p i c a l result o b t a i n e d for a fr inge p e r i o d 
of a = 3 8 2 n m is shown i n F i g . 3 . A t magnet i c fields above 0 .5T b o t h pL a n d p\\ show 
the wel l k n o w n S d H - o s c i l l a t i o n s w i t h a per i od i c i t y A ( l / B ) inverse ly p r o p o r t i o n a l to the 
2 - D E G carr ier dens i ty Ns. B e l o w 0.5T pronounced a d d i t i o n a l osc i l lat ions d o m i n a t e pL 
whi l e weaker osc i l lat ions w i t h a phase shift of 180° re lat ive to the pj_ d a t a are v i s ib le i n 
the p|| measurements . T h e osc i l lat ions i n p±_ are a c compan ied by a r emarkab le pos i t ive 
magnetores istance at very low magnet i c f ields. T h e H a l l resistances ,however, show 
no a d d i t i o n a l s t ruc ture at magnet i c fields below 0 .5T even at the highest reso lu t i on 
used . D e v i a t i o n s f r o m the clear l inear behav iour of Rjj a n d i ? ^ occur o n l y at magnet i c 
fields above 0 .5T , a n d are connected to the S d H osc i l lat ions s t a r t i n g to be resolved. 
T h e s l i ght ly different slopes of Rjj a n d F^H are due to a s m a l l difference i n the carr ier 
densi ty of about 4%. T h e a d d i t i o n a l osc i l lat ions i n p±_ a n d pj| are perfect ly p e r i o d i c i n 
1 / B . T h i s is d e m o n s t r a t e d i n the inset of F i g . 4 where the o s c i l l a t i on i n d e x m is p l o t t e d 
versus the inverse magnet i c field. T h e po ints i n the inset correspond to m i n i m a i n pj_. 
T h e osc i l lat ions i n F i g . 4 are o b t a i n e d for a fr inge p e r i o d of 3 8 2 n m . T h e b e h a v i o u r of 
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F i g u r e 3: M a g n e t o r e s i s t i v i t y p a n d 
H a l l resistance RH p a r a l l e l a n d per -
p e n d i c u l a r to the interference f r i n -
ges. T h e inset defines the use of the 
indices _L a n d || w i t h respect to the 
interference fringes s h o w n s c h e m a t i -
ca l ly 
T= 2.2 K 
ls= 3.16-1011 cm" 2 
Ji = 1.3O106 cm2/Vs 
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F i g u r e 4: M a g n e t o r e s i s t i v i t y p p a r -
a l le l a n d p e r p e n d i c u l a r to the i n t e r -
ference fr inges. T h e inset d i sp lays 
the 1 / B dependence of the a d d i -
t i o n a l osc i l la t ions where the po in ts 
co r respond to m i n i m a i n p i 
these a d d i t i o n a l osc i l la t ions of p_L a n d pj| as d i sp layed i n F i g . 4 is essent ia l ly the same as 
those s h o w n i n F i g . 3 . S ince the a d d i t i o n a l osc i l lat ions i n pj_ are perfect ly p e r i o d i c i n 1 / B 
the p e r i o d i c i t y can be expressed as a carr ier dens i ty n. A n a l o g o u s to S d H - o s c i l l a t i o n s 
one ob ta ins ( sp in s p l i t t i n g not resolved) 
(i) 
Here e is the e l ementary charge, ft is P l a n c k ' s constant a n d A ( l / B ) is the difference 
between adjacent m i n i m a (or m a x i m a ) of p i or py on a 1 / B scale. T h e a d d i t i o n a l o s c i l -
la t i ons i n F i g . 4 co r respond to a carr ier dens i ty n = 2.35 • 1 0 1 0 c m ~ 2 wh i l e the p e r i o d i c i t y 
of p i i n F i g . 3 gives n = 3.2 • 1 0 1 0 c m 2 . T h i s result suggests t h a t a shorter p e r i o d a 
results i n h igher values for n as l o n g as the carr ier densit ies N8 are a p p r o x i m a t e l y equa l . 
U p t o now we have not complete ly r u l e d out the poss ib i l i t y t h a t the a d d i t i o n a l os-
c i l l a t o r y s t ructures are due to a n o c c u p a t i o n of the next h igher s u b b a n d . T e m p e r a t u r e 
dependent measurements of p± s h o w n i n F i g . 5 demonstrate t h a t the a d d i t i o n a l o s c i l l a -
t ions are m u c h less t e m p e r a t u r e dependent t h a n S d H osc i l la t ions . T h e S d H osc i l la t ions 
have a s t rong t e m p e r a t u r e dependence since the i r a m p l i t u d e s depend o n the L a n d a u 
level seperat ion hu>c as c o m p a r e d to the t h e r m a l energy ksT. There fore the a d d i t i o n a l 
osc i l lat ions do not or ig inate f r o m the L a n d a u level seperat ion hwc as one w o u l d expect 
also for electrons i n h igher subbands . 
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F i g u r e 5: p± versus B for two temperatures . T h e S d H osc i l lat ions e x h i b i t the expec-
ted s t rong t e m p e r a t u r e dependence, wh i l e the a d d i t i o n a l osc i l la t ions r e m a i n nearby 
unchanged for a change i n t emperature of 2 K 
B y means of F i g . 6 we w i s h to demonstrate that the a d d i t i o n a l osc i l la t ions are due 
to the existence of a p e r i o d i c a l l y m o d u l a t e d charge p a t t e r n . A f t e r the first ho l ograph i c 
i l l u m i n a t i o n of the s a m p l e , p±_ d i sp lays p r o n o u n c e d a d d i t i o n a l osc i l la t ions . T h e i n t e r -
ference p a t t e r n created by a second i l l u m i n a t i o n s h o u l d be shi f ted w i t h respect to the 
first one due to v i b r a t i o n s of the e x p e r i m e n t a l set u p . T h e per i od i c m o d u l a t i o n s h o u l d 
therefore be smeared out a n d the a d d i t i o n a l osc i l la tory s t ruc ture s h o u l d d i sappear . T h i s 
effect is v i s ib le i n F i g . 6 where the a m p l i t u d e of the a d d i t i o n a l osc i l la t ions is d r a s t i c a l l y 
reduced after a second i l l u m i n a t i o n w i t h 500ms d u r a t i o n . W e have f o u n d that cont inous 
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F i g u r e 6: px versus B . T h e a m p l i -
tude of the a d d i t i o n a l o s c i l l a t i on is 
d r a s t i c a l l y reduced after a second 
ho l ograph i c i l l u m i n a t i o n 
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i l l u m i n a t i o n a lways destroys the osc i l la t ions i n d i c a t i n g t h a t a p r o p e r fr inge p a t t e r n is 
essential for o b s e r v i n g the effect. 
F r o m the S d H - o s c i l l a t i o n s (us ing E q . l ) as we l l as f r o m low f ie ld H a l l measurements 
a n average carr ier dens i ty Na of the p e r i o d i c a l l y m o d u l a t e d 2 - D E G can be o b t a i n e d . 
T h e carr ier dens i ty Ns a n d m o b i l i t y p, we have measured p a r a l l e l a n d p e r p e n d i c u l a r to 
the interference p a t t e r n are equa l w i t h i n 5%. S ince , i n a d d i t i o n , we do not observe a d d i -
t i o n a l s t r u c t u r e i n the h igher m a g n e t i c field regime of p±_ a n d pjj due to a second carr ier 
densi ty , we conc lude that we have o n l y a weak m o d u l a t i o n of the carr ier density . T h i s 
means t h a t the a m p l i t u d e of the a d d i t i o n a l per i od i c p o t e n t i a l i n t r o d u c e d by h o l o g r a p h i c 
i l l u m i n a t i o n is s m a l l c o m p a r e d to the F e r m i energy of the sys tem. A stronger p o t e n t i a l 
m o d u l a t i o n , achievable e.g. by ho l ograph i c i l l u m i n a t i o n of a photores ist coated sample 
a n d fo l lowed by su i tab le e t ch ing techniques leads to a clear an i so t ropy of the r es i s t i v i ty 
p a r a l l e l a n d p e r p e n d i c u l a r to the g r a t i n g [8]. 
T h e p e r i o d of the a d d i t i o n a l osc i l la t ions depends on the carr ier dens i ty Ns. T h i s is 
s h o w n i n F i g . 7 where the carr ier dens i ty has been var ied after h o l o g r a p h i c i l l u m i n a t i o n . 
T h e d a t a i n F i g . 7 were o b t a i n e d a p p l y i n g a voltage to a semi - t ransparent gate o n top of 
the s a m p l e . C h a n g i n g the carr ier dens i ty Ns results i n a change of the p e r i o d i c i t y of the 
a d d i t i o n a l osc i l la t i ons i n p±. a n d p\\\ as Na increases, A ( l / B ) decreases a n d therefore 
n increases , too . I n F i g . 7 less a d d i t i o n a l osc i l lat ions are resolved c o m p a r e d to the 
m a g n e t o r e s i s t i v i t y d a t a s h o w n i .e . i n F i g . 4 . T h i s we c o n t r i b u t e to the lower m o b i l i t y 
of the sample a n d w i l l be d iscussed w i t h i n the next sect ion . 
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^Figure 7: G a t e voltage dependence 
of the magnetores i s t i v i ty p±. 
R e d u c i n g the carr ier densi ty Ns 
results i n a n inc reas ing A ( l / B ) 
value a n d therefore i n a reduced 
4. D i s c u s s i o n 
T h e exper iments descr ibed i n the prev ious sections have been c a r r i e d out u s i n g 
samples w i t h different m o b i l i t i e s a n d carr ier densit ies . I n a d d i t i o n we have changed the 
carr ier dens i ty a p p l y i n g a vo l tage to a f ront - or backgate , we have var i ed the i l l u m i n a t i o n 
t imes a n d we have used two per iods a = 2 9 4 n m a n d a = 3 8 2 n m , respect ively . Neverthe less , 
the resul ts can be s u m m a r i z e d i n a s i m p l e p l o t . I n F i g . 8 the carr ier dens i ty n d e t e r m i n e d 
by the p e r i o d i c i t y ( E q . l ) of the a d d i t i o n a l osc i l la t ions is p l o t t e d as a f u n c t i o n of the 
carr ier dens i ty Na. T h e l ines i n F i g . 8 are ca l cu la ted curves w i t h o u t any free p a r a m e t e r 
based o n the a s s u m p t i o n that the p e r i o d is s i m p l y g iven by the c o n d i t i o n t h a t the 
c lass i ca l c y c l o t r o n o r b i t is equa l to a n integer n u m b e r of fr inge per iods a ( v i s u a l i z e d i n 
the inset of F i g . 8 ) : 
_ m* vp a , 
Rc=—— = -(m + <p) m = 1 , 2 , 3 , . . . . (2) 
1 
0 1 2 3 4 5 6 
NgdO^cm 2 ) 
F i g u r e 8: n versus Na. F u l l symbols correspond to a laser wave length A = 4 8 8 n m , open 
symbo ls to A = 6 3 3 n m a n d different symbols represent different samples . T h e so l id l ines 
are ca l cu la ted u s i n g the c o n d i t i o n that the cyc l o t ron orb i t d iameter 2RC is equa l to a n 
integer m u l t i p l e of the interference p e r i o d a , as sketched i n the inset 
Rc is the c y c l o t r o n r a d i u s , vp is the e lectron ve loc i ty at the F e r m i energy, m * is the 
e lectron effective mass a n d <p is a phase factor . S u b s t i t u t i n g for vp u s i n g vp = hkp/m* 
we can rewr i te E q . 2 to o b t a i n 
c a l c u l a t i n g n u s i n g E q . l a n d the r e l a t i o n kp = (2nNs)ll2. 
2 k F (A\ 
n = - ~ ( 4 ) 7ra 
T h i s s imple p i c ture is i n excellent agreement w i t h the e x p e r i m e n t a l d a t a . T h e m o d e l 
descr ibed above requires a n elastic free p a t h le at least as l o n g as the per imeter of the 
c y c l o t r o n o r b i t . T h i s agrees w i t h our f i n d i n g that the n u m b e r of o s c i l l a t i o n per iods 
depends on the m o b i l i t y of the sample ; the h igher the m o b i l i t y the more osc i l lat ions 
are observable . F r o m the m o b i l i t y of the sample used i n the measurements of F i g . 4 a 
m e a n free p a t h of 12/Lxm can be ca l cu lated i n agreement w i t h the e s t i m a t e d c y c l o t r o n 
orb i t per imeter of l l ^ m for the largest cy c l o t ron orb i t w h i c h produces a s t r u c t u r e i n 
the pj_ curve at about 0 .054T ( ra=9 i n F i g . 4 ) . If m a x i m a i n the p\_ curves are i n t e r -
preted as m a x i m a i n the s cat ter ing rate then the e x p e r i m e n t a l l y d e t e r m i n e d phase shift 
y?=0.17±0.06 i n E q . 4 i m p l i e s that the strongest i n t e r a c t i o n of the c y c l o t r o n m o t i o n w i t h 
the per i od i c p o t e n t i a l occurs i f the d iameter of the c y c l o t r o n orb i t is 0.17a larger t h a n a n 
integer m u l t i p l e of the p e r i o d a. O n the other h a n d m i n i m a occur w h e n (p=—0.25±0.06. 
It s h o u l d be m e n t i o n e d that th i s effect seems to be s i m i l a r to the magnetoacoust i c re-
sonance [6,7]; the de ta i l ed m e c h a n i s m however w h i c h results i n m i n i m a i n p±_ w h i l e at 
the same magnet i c f ie ld py d isp lays m a x i m a can not be e x p l a i n e d w i t h i n th is p i c t u r e at 
the m o m e n t . 
T h e p e r i o d of the a d d i t i o n a l osc i l lat ions can be descr ibed i n a more q u a n t u m me-
c h a n i c a l p i c t u r e . T h e a d d i t i o n a l per i od i c p o t e n t i a l in t roduces a new reduced B r i l l o u i n 
zone scheme w i t h the p e r i o d of the r e c iproca l la t t i ce vector 2TT/a. T h i s is i l l u s t r a t e d i n 
F i g u r e 9: N e w B r i l l o u i n zone s t r u c t u r e o b t a i n e d 
by s u p e r i m p o s i n g a o n e - d i m e n s i o n a l p e r i o d i c po -
t e n t i a l w i t h p e r i o d a o n a free 2 - D E G . T h e s ta -
tes i n the first B r i l l o u i n zone are d i s p l a y e d sha -
ded . T h e carr ier dens i ty r e q u i r e d to f i l l the first 
B r i l l o u i n zone is equal to the carr ier dens i ty n 
deduced f r o m the a d d i t i o n a l osc i l la t ions 
F i g . 9 where the f irst B r i l l o u i n zone is d i sp layed shaded . Since n/a is s m a l l c o m p a r e d 
to kp i n our s y s t e m , the area A ( in k-space) of the o c cup ied states i n the f irst B r i l l o u i n 
zone is g iven to good a p p r o x i m a t i o n by 
A = AkF- . (5) 
a 
T h e carr ier dens i ty n r e q u i r e d to f i l l the first B r i l l o u i n zone can now easi ly be c a l c u l a t e d 
b e a r i n g i n m i n d t h a t one state i n k-space occupies the area ( 2 7 r / L ) 2 ( L = l e n g t h of the 
sample ) a n d t h a t each state can be o c cup ied by two electrons w i t h oppos i te s p i n : 
n = N/L2 = ^ . (6) 
ira 
T h i s result is the same as that w h i c h we have a l ready o b t a i n e d i n E q . 4 . O u r f i n d i n g 
is that the carr i e r dens i ty w h i c h fi l ls the first reduced B r i l l o u i n zone is equa l to that 
connected w i t h the a d d i t i o n a l osc i l la t i ons . E q u a t i o n 6 describes correc t ly the e x p e r i -
m e n t a l l y observed p e r i o d i c i t y , however , w i t h o u t e x p l a i n i n g the m e c h a n i s m l e a d i n g to 
the o s c i l l a to ry b e h a v i o u r of pj_ a n d T h e s o l u t i o n of th is p r o b l e m m a y be connected 
to the m a g n e t i c b r e a k d o w n [9],[10]. 
5. S u m m a r y 
I n s u m m a r y we have repor ted a new type of magnetores is tance o s c i l l a t i o n , the p e r i -
o d i c i t y of w h i c h can be equa l ly w e l l descr ibed e i ther by the c o n d i t i o n t h a t the c lass i ca l 
c y c l o t r o n o r b i t equals a n integer m u l t i p l e of the per i od i c p o t e n t i a l p e r i o d or i n t e rms 
of the carr ier dens i ty r e q u i r e d to f i l l the first reduced B r i l l o u i n zone of the m o d u l a t e d 
sys tem. T h e de ta i l ed m e c h a n i s m , however , w h i c h leads to the a d d i t i o n a l o s c i l l a t o ry 
s t r u c t u r e r e m a i n s to be so lved . 
6. A c k n o w l e d g e m e n t s 
W e w o u l d l i k e to t h a n k D . H e i t m a n n for s t i m u l a t i n g suggestions a n d R . R . G e r -
h a r d t s , A . M a c D o n a l d , P . S t f e d a , a n d S. B e n d i n g for very he lp fu l d iscuss ions . 
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